THe nucleotide sequence of segment 1 of the double stranded RNA genome of bluetongue virus serotype 10 (BTV-10), encoding the largest viral core protein, VP1, has been determined. Linear sequence analysis of the predicted aminoacid sequence of the 149-K Da protein, a putative component OT the viral RNA-directed RNA polymerase, revealed extensive homology with the vaccinia virus 147K Da DNAdirected RNA polymerase subunit. Similar homologies were detected between the VP1 polypeptide and the f5 chain subunit of Escherichia coli and common tobacco chloroplast RNA polymerases, yeast RNA polymerase II and III and fruit fly polymerase INTRODUCTION
INTRODUCTION
BTV is a member of the Orbivirus genus in the family Reoviridae. The genome of BTV, like reovirus, consists of ten double-stranded RNA species (dsRNA), each encoding at least one polypeptide. The dsRNA genome is encapsidated by an inner protein shell consisting of two major proteins, VP3 and VP7, as well as the minor proteins VP1, VP4 and VP6. The VP1 protein is coded by viral RNA L1 (1). The core particle is surrounded by a diffuse outer capsid, consisting of two proteins, VP2 and VP5. The purified BTV particle contains an RNA-directed RNA polymerase (transcriptase). Although, as in reoviruses, it has been shown that the transcriptase activity resides in the inner viral core, the proteins that constitute the viral transcriptase have not been identified. For reovirus it has been shown that the protein A3, encoded by the reovirus L1 gene, determines the pH optimum of the viral transcriptase (2) .
For BTV, VP1 protein is a candidate component of the virion transcriptase on the basis of its location, size and molar ratio in the virus particle. In these aspects it is comparable to transcriptase components of reoviruses. Determination of the nature of RNA polymerase is central both to an understanding of the viral infection process and the biology and evolution of these viruses. We report here the nucleotide sequence of the L1 gene of BTV-10 and its predicted gene product, VP1. Similarities between the amino acid sequences of the VP1 protein and that of the large RNA polymerase subunit of vaccinia virus (a DNA virus) as well as those of Escherichia coli, common tobacco chloroplast, yeast and fruit fly RNA polymerase are presented.
MATERIALS AND METHODS

Growth of virus and isolation of dsRNA
United States serotype BTV-10 came from the collection of the Arthropod-borne Animal Disease Research Laboratory (Denver, Colorado) after being passaged six times in BHK-21 cells. The virus was plaque-cloned using monolayers of BHK-21 cells. The viral dsRNA was purified as described by Yamaguchi er al. (3) and the 10 individual segments were separated by agarose gel electrophoresis and the L1 gene was electroeluted as described previously by Purdy et al. (4) . DNA cloning of ds L1 RNA.
Polyadenylation of dsRNA and synthesis of cDNA copies of polyadenylated L1 RNA using oligo(dT)i2-i8 primer were undertaken as described previously (4) . The RNA templates were removed by 0.5 M KOH treatment and double-stranded cDNA was generated by self-annealing. The products were repaired by the Klenow fragment of DNA polymerase as described previously (4) . The double-stranded cDNA hybrids were then tailed with dC at their 3' termini and annealed to a Pstl-cut, dGtailed, pBR322 vector (5). After transformation, clones containing viral sequences were recovered and screened by colony hybridization (6) and the H/nfl restriction patterns of the derived hybridization positive inserts were compared as described previously (4) . RNA gel electrophoresis. blotting and hybridization.
Purified BTV-10 RNA was resolved on an agarose gel, blotted onto a Genescreen hybridization transfer membrane (New England Nuclear, Boston, MA) and hybridized to nick-translated cloned DNA by procedures described previously (4) . Sequencing of BTV DNA clones and protein analysis.
Sequencing was carried out on end-labeled, strand-separated restriction fragments of plasmid DNA containing viral DNA inserts using the Maxam and Gilbert method (7) . Protein homology searches were made with the FASTP and Staden alignment programme (8, 9) .
RESULTS
Cloning and nucleotide sequence of the BTV-10 L1 gene encoding the VP1 protein:
The cloning of the BTV-10 L1 gene was carried out as described under Materials and Methods. The Hinfi restriction patterns of putative recombinant plasmids showed that at least ten of SO clones that were tested possessed similar DNA inserts that were between 1000 and 2500 base pairs long. In order to confirm that they represented the L1 segment, , BTV-10 RNA was resolved by agarose gel electrophoresis, blotted on Genescreen paper and hybridized to nick translated DNA representing each of the ten positive clones. All the clones annealed specifically to the LI RNA of BTV-10 (data not shown). Two clones, one containing 5 1 terminal sequence (#pD105) and another containing 3' terminal sequence (pK5 70XA), were eventually selected for determining the complete sequence of the L1 gene. The sequence was obtained on strand-separated, end labelled restriction fragments from these two overlapping clones (Fig. 1 ). The majority of the sequence (over 90%) was obtained from analysis of both DNA strands using the Maxam and Gilbert method (7) . The complete nucleotide sequence of the DNA clone of L1 gene is presented in Fig. 2 with the predicted amino acid sequence of the single extensive open reading frame. Excluding the homopolymeric tails, the entire sequence is 3954 nucleotides long. The 5' non-coding region of the LI RNA of BTV-10 contained only 11 nucleotides, shorter than all the other RNA species of BTV-10 sequenced so far (10 -16). The 3" non coding region, excluding the stop codon, is 34 nucleotides long, equivalent to those of the other RNA species of BTV-10. The conserved 5' (GTTAAAA....) and 3" (CATTCACA...) terminal sequences of the BTV RNA segments (17) were identified in the DNA clones. Based on the data, the double-stranded LI RNA is estimated to have a mass of 2.7 x 106 Daltons in agreement with previous reports (18) .
Predicted VP1 protein analysis:
A single open reading frame in the L1 gene codes for a primary gene product
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CACCATTCTACCCOCATAAaAOCTCOAACATttATATTAOCATCl IICCTATTAAOCATTCAAACCATTACTOOATATOOCAI LKPVPBIILTIDTBDLTIEFFEOATTE: AaCTOAAACCaAACCCAAaCAATCTOOTTCOAaATOITlUUUATTTMCOCQQaAArn: Tt/-r^i«^TTAJA/TTTr-rrA^**/rrri^Tra*Tiv-A*iTMMTn*rArtTT»n"»TrT-m*ji**rr»ATiynTT^1 Table 1 ). The protein is high in leucine and isoleucine and low in alanine compared to the "average protein" (Table 1, 20) . Assuming that glutamic and aspartic acids each have charges of-1,arginine and lysine + 1,and histidine +0.5, the calculated net charge of the predicted molecule was + 27.5 at physiological pH. In the middle region of the molecule there are at least four tracts of 18 to 25 hydrophobic amino acids without any intervening charged residues (e.g., aa residues 364-383,521-541,725-743 and 912-937). The distribution of the charged amino acids throughout the molecule is even except near the carboxyl terminus which contains many arginine and lysine residues (Fig. 2) . It remains to be determined whether these are involved in interactions between VP1 protein and genomic RNA or has other functions. A number of hydrophobic regions of the molecule were identified in hydropathic analysis (Fig. 3) , dispersed throughout the molecule.
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Evidence for homoloqy between bluetonque virus VP1 protein and vaccinia virus RNA polymerase:
The derived amino acid sequence of VP1 protein of BTV-10 was compared with PIR protein library using the FASTP computer program of Lipman and Pearson (9) . The search revealed homology with the vaccinia virus 147-K Da polymerase subunit (21) . The similarity was considered significant since vaccinia virus is a DNA virus and the viral polymerase is a DNA-dependent RNA polymerase. As presented in Fig. 4 , with a minimal number of gaps, 266 amino acid residues out of 1054 possible matches are homologous between the two polypeptides (a score of 25% homology). However, when possible (conservative) mutational changes (K to R, D to E, S to T, N to Q or hydrophobicto hydrophobic residues) were included in the comparison (see asterisks in Fig. 4) , the homologies between the two proteins revealed an even greater score. The total homology, including conservative changes was around 50%. Although the homologous amino acid changes were distributed evenly throughout the molecules, certain blocks of amino acids were more conserved than others. For example, amino acid residues 194-239, 572-598 and 1510 to 1541 scored between 54 to 60% homology.
DISCUSSION
The amino acid sequence of the VP1 protein of bluetongue virus was inferred from the complementary DNA sequence of BTV RNA segment 1. Computer-assisted analysis of the coding capacity of each of the six possible reading frames indicated the presence of a single large reading frame extending from nucleotide residues 12 to 3920. The deduced amino acid sequence indicates that the gene product has a predicted size of 149,588 Da. The molecule is highly basic protein with a positively charged carboxyl terminus (the last 50 residues have an overall charge of +13.5). Proteins that bind to nucleic acids often exhibit a net basic charge with clustered K and/or R residues possibly involved in interactions with the negative charged phosphoryl backbone (22) .
The bluetongue virus VP1 bears a remarkable resemblance to vaccinia virus 147-K Da polymerase subunit. Both proteins are similar in size and exhibit a net basic charge at neutral pH. Broyles and Moss have recently reported (21) that the vaccinia virus 147-K Da subunit shares extensive homology with the largest subunits of the prokaryotic RNA polymerase and eukaryotic RNA polymerase 11 and 111. A computer alignment program was used to compare the predicted VP1 amino acid sequence with each of these polymerase subunits. The alignment comparison indicated significant homology (30%) between the BTV VP1 protein and the J)-chain of the common tobacco chloroplast RNA polymerase (see Table 2 ). Comparison of the VP1 sequence with the sequences of the large subunits of the Saccharomyces cerevisiae RNA polymerase 11 (215-K Da) and 111 (160-K Da), the 0-chain of the E. coli RNA polymerases(215-K Da) and the sequences of the fruit fly large subunit (215K Da) RNA polymerase revealed similar homologies (23-33%) ( Table 2 ). It is likely that the large subunits of all six RNA polymerases have similar functional domains.
The degree of relatedness among the five types of DNA-directed RNA polymerases and the RNA-directed RNA polymerase of BTV has implications for the evolution of the bluetongue virus. Bluetongue virus is an RNA virus with an RNAdirected enzyme, vaccinia virus is a DNA virus with a DNA-directed RNA polymerase. The indicated similarities of their putative polymerases suggests that they may have evolved from a common ancestor, an ancestral gene that has been derived from prokaryotic/eukaryotic cellular origins.
